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1. 通过控制 PVP 浓度、反应温度以及少量 NaCl 或 NaOH 的加入等实验条
件，成功实现了可控制备尺寸为 150-200nm，形状为十面体、切角立方














































    Due to the unique chemical and physical properties of metal nanocrystals such as 
the optics, electronics and catalysis, they have attracted much attention in recent years. 
These unique properties are determined by their size, shape, composition, crystalline 
and assemble structures. Various synthesis methods for metal nanoparticles have been 
reported, however, most of them are either complicate or difficult to control the shape, 
shape and size. How to synthesize metal nanoparticles, especially noble metal such as 
gold and silver, with controlable size and shape in a convenient way is still a barrier 
and challenge to further study its unique properties and broaden their application. 
    The main goal of the present work is to develop a simple and effective 
solution-phase method to synthesize gold nanparticles with controllable size and 
shape. The synthesis was realized by the reduction of HAuClB4 with 
N,N-dimethylformamide (C3H7O2N DMF) in the presence of Poly(vinyl pyrrolidone) 
(PVP) as a capping agent under reflux at high temperature. This non-template and 
non-seed method has a unique advantage that is able to control the shape and size of 
particles by changing the concentration of gold precursor and PVP, changing the 
reaction temperature or by introducing of a small amount of ionic salt. Their 
morphology, size, structure and optical properties were characterized systemically by 
using TEM, HRTEM, SEM, AFM, XRD, SAED, ED and UV-Visible spectroscopies. 
The growth mechanism of the gold nanoparticles with different shapes was discussed. 
We proposed the surface free energy control as a strategy to control the shape of gold 
nanoparticles. The major results of the thesis are outlined as follows: 
1. The shape of gold nanoparticles has been successfully tuned among    
penta-twinned decahedrons, truncated tetrahedrons, cubes and octahedrons 
with a size of 150-200nm. The SADE, HRTEM and XRD characterizations 
confirm that the as synthesized gold nanoparticles are face centered cubic 
(fcc) crystals. The gold nanocrystals with various shapes have been obtained 















poly(vinyl porridone) (PVP), the reaction temperature and the adding of a 
small amount of ionic salt, such as NaOH or NaCl. Several factors including 
the reaction temperature, amount of PVP and salt play an important role in 
the growth of gold nanocrystals. 
2. Gold hexagonal thin nanoplates with controllable size have been synthesized. 
The width and thickness of the as synthesized thin nanoplates are about 
400-2000nm and 50-60nm respectively. By changing the molar ratio 
between PVP to gold precursor, the adding of H2O, the size and yield of 
gold nanoplates can be controlled. 
3. The growth rule of gold nanoparticles with different shapes has been 
revealed according to the experiments. It is indicated that the low 
concentration of gold precursor and without inorganic salt in the solution is 
favorable to the formation of decahedral gold nanoparticles. While adding 
the inorganic salt, it will lead to a transformation of decahedron to cube. The 
octahedron of gold nanoparticles is obtained when adding inorganic salt and 
increasing the reaction temperature. And with the increase of the 
concentration of gold precursor in the solution the shape of gold 
nanoparticles will turn to hexagonal thin plates.  
4. A growth model of gold nanoparticles with different shapes has been 
proposed to account for the growth mechanism of decahedron, cube and 
hexagonal thin plates. The surface free energy of different crystal surfaces 
will be changed due to the selective absorption of molecules of PVP and 
inorganic salt on different crystal surfaces, which may induce a difference of 
the growth rate at different crystal surfaces, and finally result in the 
formation of gold nanoparticles with different shapes. 
 




































































































纳米微粒尺寸(nm) 包含原子数 表面原子所占比例 
10 30000 20 
4 4000 40 
2 250 80 
1 30 90 
 
3. 小尺寸效应[25] 








统的势垒而发生变化，故称为宏观的量子隧道效应(Macroscopic Quantum Tunneling, 
MQT)。这一效应与量子尺寸效应一起，确定了微电子器件进一步微型化的极限，也限
定了采用磁带磁盘进行信息储存的 短时间等。 
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